The aim of this study was to evaluate the effect of soil depths (0-30, 30-60, and 60-90 cm) and landcover changes on selected physicochemical properties in soils transformed from a secondary forest status to plantation status for the cultivation of rubber and oil palm aged 5 and 15 years. Soil physicochemical properties; bulk density (Bd), pH, soil organic matter (SOM), total organic carbon (TOC), total organic nitrogen (TON), and their corresponding isotopes; and δ 13 C and δ 15 N were determined by conventional methods. The results showed that the content of SOM (3.39%) at 0-30 cm was signifi cantly greater than those of the 30-60 and 60-90 cm depths. The same pattern was demonstrated by the content of TOC and TON. With respect to land use, the secondary forest had signifi cantly greater SOM content than the rubber and oil palm plantations aged 5 years. The same pattern was also observed for the content of TOC and TON by land use. Similarly, the δ 13 C value of -26.85% was greatest at the 0-30 cm depth, while by land use the oil palm aged 5 years had the greatest δ 13 C. Conversely, the δ 15 N value of 4.21% was signifi cantly greater at the 60-90 cm depth compared to the 30-60 (1.78%) and the 0-30 cm (-2.03%) depths. The negative value of δ 15 N revealed the sources (N was a product of multiple variables such as N fi xation, precipitation, rainstorm, and the use of chemical fertilizers), and the limited nitrogen content in the study area. In conclusion, this study demonstrated that the conversion of secondary forest to plantation enhanced the mineralization of soil
Introduction
Soil organic matter (SOM) is known to be an important factor in C-driven climate change [1] [2] . Several investigators are presently paying attention to studies relating to SOM dynamics and the capacity of soils to accumulate and give stability to organic carbon following conversion to different land use changes [3] [4] [5] . It has also been pointed out that land use changes can impact the soil C cycle [6] [7] through biomass removal and decomposition of soil organic carbon (SOC) [8] . It is estimated that the transformation of natural ecosystems to regulated ecosystems accounts for 12-15% of CO 2 emissions worldwide [8] [9] .
In particular, agricultural soils are generally considered to be sources of greenhouse gases, and their proper management can result in the soil serving as a sink of CO 2 [2, 8, [10] [11] [12] . In contrast, others reported a net gain of carbon [13] [14] [15] . Recent studies on SOC storage and turnover have employed the evaluation of 13 C and 15 N natural abundances as a technique to determine changes in C and N dynamics in relation to land use/land cover changes [16] [17] [18] . For instance, stable C and N isotopes have been previously employed to gain knowledge of the mechanisms of plant litter decay, SOM evolution, and turnover [19] [20] [21] , to understand the sources of organic carbon [19] [20] [21] [22] , the origins of soil N among different ecosystems or soil disturbances as a result of change in land use [18, [23] [24] , and nitrogen cycling and mineralization [25] [26] . It is noteworthy that all the studies mentioned above are related to the topsoil. However, the infl uence of soil depth on soil C dynamics as affected by land use changes still remain poorly understood. In particular, deep soils are a major reservoir of organic C in terrestrial ecosystems, and it is generally accepted that they are known to store more than half of the total soil C [27] . Therefore, a small change in deep soil C can have a major effect on overall soil C dynamics [28] . Consequently, a thorough understanding of how much SOC mineralization is sensitive to fresh organic C input in relation to land use changes will be useful in understanding the responses of the soil C pools to global climatic changes [29] . This is because SOC mainly originates from terrestrial higher plant remnants, hence the fractionation of SOC decomposition in soil is lower than that of CO 2 fi xation by plants during photosynthesis [20] , and the δ 13 C of SOC is more or less the same with those of the plant from where it was derived.
Therefore, the objectives of this study were to determine the effects of soil depth and land cover on the soil physicochemical properties, namely: bulk density (Bd), pH, soil organic matter (SOM), total organic carbon (TOC), total organic nitrogen (TON), and to understand the responses of soil δ 
Materials and Methods

Site Description
This study was conducted in the Ayer Hitam forest reserves in Puchong, Malaysia (3°00'51''N and 101°38'17''E), and an agricultural plantation of oil palm aged 5 and 15 years, as well as a 15-year-old rubber plantation at University Putra Malaysia (UPM), Serdang, Selangor (002°58'57.65''N and 101°43'32.14''E; Fig. 1 ). The study area is characterized by a tropical climate with a mean annual temperature of 38°C and a mean annual precipitation of 2,000 mm. The soil in the Ayer Hitam forest is classifi ed as the Munchong Series, while the classifi cation of the Malacca Series at the UPM plantation was based on [30] [31] , respectively. An experimental plot of 50×50 m with three replicates was designed for the fi eld experiment. All three land use types have the same soil type and similar physiographic characteristics and slope gradients.
Soil Sampling and Analysis
In March 2015 soils were sampled using a steel ring soil sampler. The depth intervals sampled were 0-30, 30-60, and 60-90 cm at all sites. In the oil palm plantation sites, samples were collected from the different distances at the oil palm plantations, namely: 1.5 m for the weeded circle, 3 m for inter raw, and 4.5 m for the frond heap, away from the oil palm base. Later they were subsequently homogenized into one sample and dried prior to their analysis. For each depth interval, soil texture was determined using the pipette method [32] , organic matter (OM) was by loss on ignition method [33] , carbon and nitrogen contents were analyzed by combustion [3] , and the δ 13 C and δ 15 N stable isotopes were determined according to the methods modifi ed by [34] . The identifi cation of δ 13 C and δ 15 N stable isotopes and C and N content were done using an elemental analyzer connected online to continuous fl ow isotope ratio mass spectrometry (CF-IRMS) at the Stable Isotope Laboratory (Nuclear Malaysia). Isotopic ratios are expressed in conventional delta (δ) notation in parts per thousand: organic matter and increased SOC concentrations at the sub soil. Therefore, the conversion of the secondary forest to the oil palm plantations must have resulted in a positive effect by contributing to greater soil organic carbon content. 
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Bulk Density (Bd)
The results of the effect of soil depth and land use on the bulk density of the secondary forest, rubber, and oil palm plantation aged 5 and 15 years are summarized in Table 1 . As shown in Table 1 , the deepest part of the subsoil at the secondary forest and oil palm plantation aged 15 years had signifi cantly greater bulk densities than the surface soil 0-30 cm depth. Conversely, the effect of soil depth on the bulk densities of the rubber and oil palm plantation aged 5 years were similar for all the depths. The 60-90 cm depth had the highest Bd, which varies with soil depths. This depth (60-90 cm) is known to contain higher clay content. Consequently, there was an increase in the percentage of clay content with the increase in depth of the subsoil horizon, and the same result was reported by [35] . This study suggested that greater clay content with depth is the most likely reason for the higher Bd in the subsoil.
Regarding the effects of land cover on bulk density, oil palm aged 5 years and rubber plantations represented signifi cantly greater bulk densities relative to those of the secondary forest and oil palm plantation aged 15 years at the top soil (0-30 cm). On the other hand, land cover did not show any effect on bulk density in the soil below 30 cm. This is consistent with the results of the study conducted by [36] [37] . Further, studies have demonstrated that the loss of organic matter through the conversion of forest to plantation results in higher Bd values [38] . In addition, the high Bd values are an indicator of soil compaction in plantations [39] .
pH
The results of the effect of soil depths on the pH of the secondary forest, rubber, and oil palm plantations aged 5 and 15 years are summarized in Table 1 . As shown in Table 1 , the deepest part of the soil, i.e., the subsoil 60-90 cm and the (30-60 cm) depths, had signifi cantly higher pH value than the surface soil 0-30 cm depth.
With regards to the effect of land cover on pH, the oil palm plantation aged 5 years had a signifi cantly higher pH value at 0-30 cm, relative to those of the rubber, aged 15 years, and the secondary forest. Conversely, soil pH was similar for all the locations at the 30-60 and 60-90 cm depths.
The 60-90 cm depth had the highest pH value, while the oil palm aged 15 years had the highest pH based on location. In general, the acidic pH values of the soils may be due to the nature of the parent soil materials and the high rainfall ( ≥2000mm), which increases the H + activity in soils as the water molecule dissociates [40] [41] , and in turn results in intense leaching of the basic cations through the soil profi les. As a result, the higher pH demonstrated by the 60-90 cm depth may be due to the accumulation of basic cations at this depth, which partially neutralizes the acid soils. The pH values in the investigated sites were consistent with the pH values demonstrated by the tropical soil [13] . Conversely, the signifi cant differences demonstrated between the pH value of the secondary forest and those of the plantations may be most likely due to liming practice within the plantations [42] and to the phosphate fertilizer application [43] [44] [45] .
Soil Organic Matter (SOM)
The results of the effect of soil depths on the SOM at the investigated site are summarized in Table 1 . As seen in Table 1 , the topsoil, i.e., the 0-30 cm depth, had signifi cantly greater SOM content than those of the subsoil 30-60 and 60-90 cm depths. The effect of soil depth on SOM on the rubber, aged 5 and 15 years, followed the same pattern with that of the secondary forest.
Considering the effect of land cover on SOM content, secondary forest and the oil palm aged 15 years had a signifi cantly greater SOM content than rubber and oil palm aged 5 years at the 0-30 cm depth. Conversely, no differences in the SOM were observed between locations at the 30-60 cm and the 60-90 cm depths.
The 0-30 cm depth had the highest SOM between depths, while between land cover, the secondary forest had the highest SOM. The greater SOM content exhibited by the topsoil in this study is also consistent with that demonstrated in the study by [44] . The variation in the SOM content between the different depths of secondary forest and plantation sites may be due to the mixing and management processes executed during forest clearance [41] , and the intense use of cultivation facilities, which causes an increase in the decomposition rate of SOM and microbial activity [46] .
Total Organic Carbon (TOC)
As shown in Table 1 , the topsoil, i.e., the 0-30 cm depth, had signifi cantly greater TOC content than those of the 30-60 and 60-90 cm depths at all investigated sites.
Regarding the effect of land cover on the TOC, both in the secondary forest and the oil palm plantations aged 15 years at the 0-30 cm depth had signifi cantly greater TOC content than those of the rubber and oil palm aged 5 years.
There was a high amount of TOC within the 0-30 cm depth, and the highest amount of TOC content was identifi ed within the secondary forest among the locations. Similar TOC percentage values were also demonstrated in the study by [47] . In general, the TOC decreased with soil depth. In terms of the locations, there were no differences in the TOC content of secondary forest and that of the oil palm aged 15 years within the 0-30 and 30-60 cm depths. This is consistent with the results of the study by [48] [49] , who reported that the SOC content increased over time under oil palm plantation. Furthermore, lack of differences between secondary forest and oil palm plantation aged 15 years had also been demonstrated by other investigators [15, 50] . When the rubber and oil palm aged 5 years were compared, a similar lack of differences in TOC were also demonstrated in the study by [51] . A possible reason for the lack of difference in TOC may be a result of the lack of signifi cant difference in the SOM content observed within the same soil depth, minimum soil tillage, and maximum residue incorporation [13] . In addition, soil pH is reported to infl uence decomposition rates of SOC [52] . This study suggested that the reason why the secondary forest has signifi cantly higher TOC content than the rubber and oil palm plantation aged 5 years may be due to the differences in pH values between the locations. The lower TOC content exhibited by the subsoil was also reported by [15, 53] . However, it may be possible that the minimum loss of TOC content after conversion of the secondary forest to plantation may be attributable to the high clay content found in the study area. Moreover, clay was reported to have reduced C losses due to forest conversion [54] . This could also be the possible explanation of less decrease in C with the increase in depth in the subsoil, as clay protects SOM from decomposition by enhancing the spatial inaccessibility of SOM within soil aggregates as well as the interactions with mineral surfaces [51, 55] .
Total Organic Nitrogen (TON)
The results of the effect of soil depths on TON content for the secondary forest, rubber, and oil palm plantation aged 5 and 15 years, are summarized in Table 1 . As shown in Table 1 , the topsoil (0-30 cm depth) has signifi cantly higher TON content than the rest of the soil depths, i.e., 30-60 and 60-90 cm.
On the effect of land cover on the TON the 0-30 cm topsoil of the secondary forest was observed to have signifi cantly greater TON content than the topsoils (0-30 cm) of the oil palm aged 5 and 15 years, as well as that in the rubber plantation. The effect of location on TON content was found to be signifi cant in the secondary forest compared to the oil palm aged 5 and 15 years, and rubber plantation at the 60-90 cm depths. Furthermore, signifi cant differences were observed between locations for the 30-60 cm depth, with the secondary forest displaying the greatest percentage of TON content in comparison with those of rubber and oil palm aged 5 and 15 years (Table 1) . Fig. 2 shows the effect of low nitrogen content on an oil palm plantation resulting in yellowing of the leaves. This is also supported by the lower nitrogen contents in the oil palm plantations aged 5 and 15 years in comparison with the secondary forest ( Table 1) .
The 0-30 cm had the greatest soil TON between depths, while the secondary forest had the greatest TON between locations. Previous studies have demonstrated that the soil TON in a secondary forest and at plantation sites signifi cantly decreased down the soil profi le [56] . In addition, this is consistent with the general observation that TON decreases with increasing soil depth because of a corresponding decrease in organic N down the profi le. In general, the percentage of TON obtained in this study for the oil palm plantations aged 5 and 15 years, as well as the secondary forest, was within the range reported by [13, 57] .
Furthermore, total nitrogen content in plantations were less than those in the secondary forest soil. However, this was inconsistent with the results demonstrated by [58] [59] , whose study found no signifi cant differences between forest and plantations for TON. As our fi ndings concurred with the results of the study by [42, 60] , these authors averred the possible reason to the continuous fertilizer application that resulted in decreases in soil nutrient levels and cycling, e.g., nitrogen. Other possible reasons can be linked to the agricultural practices such as initial land clearance, water table management, and liming [58] . Moreover, pH increase under plantation might have increased the organic matter decomposition in soils, Fig. 2 . Oil palm plantation at UPM. and hence promoted the mineralization processes and leaching, which results in the loss of soluble N from the soil system [52] .
C/N
The fi ndings on the effect of soil depths on C:N ratios were observed to be similar between differences in depths and locations ( Table 1) . The highest C/N ratio among depths was observed within 30-60 cm, while the oil palm aged 5 years exhibited the highest C/N ratio among plantations. The C/N ratios of the secondary forest and those of the plantation sites were stable with soil depth and slightly higher than in the secondary forest. In general, the conversion of forest to plantation do not alter the C/N ratio. These results are consistent with those of the previous studies that demonstrated that forest conversion to various land cover showed no signifi cant differences for the C/N ratio [51, 58] . Another explanation for the stable C/N ratio values at all the sites is because nitrogen was found to be very low as an alternative to carbon. The results of the effect of soil depths on δ
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C for the secondary forest, rubber, and oil palm plantation aged 5 and 15 years are summarized in Table 2 , which shows that the topsoil, i.e., the 0-30 cm depth, had signifi cantly lower (p < 0.05) δ With respect to the effect of land cover on δ 13 C (%), the oil palm plantation aged 5 years and the rubber had signifi cantly greater δ 13 C (%) content between locations for the 0-30 cm depths compared to those of the secondary forest and aged 15 years.
Concerning the depth of the profi le, the 0-30 cm depth exhibited the greatest δ 13 C, while with respect to location the oil palm aged 5 years exhibited the greatest δ
C. This implied that the SOC was more intensively decomposed in the topsoil of the plantation. Additionally, fertilizer application has also been reported to infl uence the SOC and δ 13 C [18, 61] . According to [62] NO 3- N sources cause an increase in soil pH, which usually decreased P uptake by plants, which in turn leads to an increase in δ Stable Isotope (δ 15 N) Analysis Table 2 presents the results of the effect of soil depths on δ
15
N for the secondary forest, rubber, and oil palm plantation aged 5 and 15 years. As illustrated in Table 2 , the subsoil (i.e., 60-90 cm depth) had signifi cantly higher δ N at the topsoil in this study indicated that N was a product of m ultiple variables such as N fi xation, precipitation, rainstorm, and the use of chemical fertilizers. Several investigators had also demonstrated similar results, e.g., [66] [67] [68] . The authors mentioned above attributed this to atmospheric N 2 , which is usually the raw material for fertilizer production, and δ
N values of N fertilizers are usually close to atmospheric N 2 , thereby resulting in increased precipitation as suggested by [69] . The depletion in the δ 15 N could partially explain the low soil total N as suggested by [25, 70] , and using phosphate fertilizer which causes reduction of the fractionating losses and increased microbial demand for N under P addition as suggestion by [71] . According to [72] [73] , N-defi cient oil palm will have yellow leaves as shown previously in Fig. 2 . Further, defi ciency in oil palm can be due to N unavailability in soils. In contrast, when the soil depth profi le was increased, the value of δ 15 N became signifi cantly higher. According to [56, 66, [74] [75] It is noteworthy that this increase in δ
N with depth can be attributed to the movement of organic N down the soil profi les with time because this movement is also related to the greater clay content down the profi les.
The contribution of the chemical properties calculated for all the study locations is summarized in Table 3 . The results show that pH was the most important factor *Note: means within a column between locations at 0-30 cm, SF = secondary forest, R= rubber, OP5 = oil palm 5 years, OP15 = oil palm 15 years *P = contribution of each parameter Table 4 . Correlation between SOM, pH, and δ Relationship between Soil Organic Matter (SOM), pH, and δ 15 N Stable Isotope
The results from the correlation analysis indicated that δ 15 N had a strong positive correlation with pH and strong negative correlation with SOM%, while pH had a strong negative correlation with% SOM as shown in Table 4 .
Regarding the contribution of the physicochemical properties and correlation analysis, it was confi rmed that pH infl uences decomposition rates of SOM, which increases the pH value [52] . In this study, pH was also found to be the most important factor affecting SOM decomposition and δ 15 N distribution.
Conclusions
In conclusion, this study demonstrated that land-use change resulted in a signifi cant change in soil chemical parameters -specifi cally in the topsoil. The conversion of secondary forest to oil palm plantation resulted in increased SOC and SON content over time, as indicated by the SOC and δ N values with depth. Therefore, the results of this study have demonstrated that soil depth has no signifi cant effect on soil organic matter enrichment in soils converted from secondary forest status to plantation status, contrary to previous studies that reported greater organic matter content with depth compared to soil surface.
